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The preparation of a specific form of
heterophile antibody (HA) would enable
better approaches to characterization of this
antibody and its site of formation and func-
tion. Although this antibody has been found
to be present in the macroglobulin fraction
(IgM) of infectious mononucleosis serum
(1-3), recent evidence indicates that HA
constitutes only a small percentage of the
increased macroglobulins found in the serum
of patients with this condition(4). Standard
methods of preparation of macroglobulins,
such as chromatography and electrophore-
sis, would therefore yield macromolecules
other than HA.

In order to prepare a specific antibody,
advantage was taken of the specific ability
of HA to adsorb to beef red cells. This
report presents the requirements for ob-
taining maximal elution of the adsorbed HA,
as well as certain immunological and sta-
bility characteristics of the purified anti-
body.

* Supported by Grant AI-06157 from Nat. Inst.
Health, USPHS.

Materials and methods. Antigens. Beef
cell antigen (Balt. Biol. Lab.), freshly ob-
tained beef red cell stroma and beef cell
antigen (Hyland Lab., Calif.) were used in
preliminary experiments. Beef cell antigen
(BBL) gave superior results and was used
thereafter.

Test sera. Sera were separated from the
blood of patients with infectious mononucle-
osis and were inactivated at 56°C for 30
minutes prior to testing. Sheep hemagglu-
tination activity and adsorption tests with
beef red cell and guinea pig kidney antigens
(BBL) were done according to standard
procedure(5).

Relationship between amounts of beel cell
antigen and the adsorbed and eluted HA.
To 5 ml of a 1:2 dilution of serum, previ-
ously adsorbed with guinea pig kidney, and
to each 2-fold dilution of this serum in
pH 7.0 M/15 phosphate buffered saline
(PBS) were added varying amounts of beef
cell antigen (20 mg to 640 mg). The mix-
ture was incubated for 18 hours at 4°C
in a shaker. Each sample was then centri-
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TABLE 1. Relation Betwe(’lf'Adsorption and Elution of Heterophile Antibody by Varying
Amounts of Beef Cell Antigen.

Antigén (mg)

. 10 1 80 160 320 640

Antibody
titer %A* %Et %A %E %A %E %A %E %A %E %A %E

1:10240 20.65 .50  60.00 2.00 - 97.5 4.00 99.5 4.00 99.9 1.00 .10
1:5120 80.00 .50 90.00 2.00 98,7  4.00 99.9 1.00 p . 100 0
1:2560 90.39 .62 99.67 2.00 99.06 0.12 .06 100 0 100 0
1:1280 95.00 0 99.90 0.50 100 0 100 0 100 0
1:640 99.97 100 100 0 100 0 100 ©
1:320 100 100 0 100 0 100 0

* A = adsorbed. t E = eluted.

fuged at 3000 g for 20 minutes. The super-
nate was removed and tested for its hem-
agglutinating activity and the percent ad-
sorbed HA was calculated on the basis of
the total antibody titer. The sediment was
washed 5 times with a constant amount of
buffered saline. Two ml of saline (pH 5)
were added to the final sediment and stirred,
after which 8 ml of diethyl ether were added
and the mixture shaken, then centrifuged at
3000 g for 20 minutes. The eluate was
present below the top layers of ether and
stromal antigen. The top layers were dis-
carded and the eluate layer below kept in
a 37°C water bath for 10 minutes to evapo-
rate the ether and centrifuged again to re-
move particulate matter. The eluate was
then tested for sheep hemagglutinating ac-
tivity and the percent eluted antibody was
calculated on the basis of the original anti-
body titer.

Isolation of HA by elution and further
purification procedures. Using a safety ratio
(see Results) for the amount of beef cell
antigen to use with a serum having a par-
ticular sheep hemagglutinating titer, elution
was carried out as noted above. In addi-
tion, repeated elution was done on the sedi-
mented antigen in the bottom layer of the
first elution procedure. The non-adsorbed anti-
body in the supernate was also submitted
to the complete elution procedure.

Further purification was performed by
sucrose density gradient ultracentrifugation
(6). The early fractions which had sheep
hemagglutinating activity were collected and
concentrated by ultrafiltration.

Immunological tests. The purified con-
centrated eluates were tested using the Ouch-
terlony immunodiffusion technique(7) and
immunoelectrophoresis(8) against antihu-
man, anti IgM, anti IgA and anti IgG goat
serum (Hyland Lab.).

Stability of eluted HA with various agents
and at varying temperatures. The sheep hem-
agglutinating titer of eluates in PBS was
tested at 4°C, —20°C and —70°C. Equal
volumes of the eluates in PBS were mixed
with the agents listed below and tested after
1 day, 2 days and 2 weeks of storage at
4°C: tyrode solution, gelatin (0.2%), iona-
gar (0.2%), glycerin (100%), tris NaCl
buffer (pH 8.75), sucrose (60%) and PBS.

Results. Relation between adsorption and
elution of HA by varying amounts of beef
cell antigen. Table 1 presents results of a
representative experiment on the adsorption
and elution of HA by varying amounts of
beef cell antigen. It can be noted there is
an almost direct relationship between amount
of antigen and antibody titer for maximal
adsorption to occur (diagonal line in Table
I). Elution of HA was poor with maximal
adsorption. Maximal elution was obtained
with a specific ratio of antigen to antibody
e.g., when the antibody titer was 1:10,240
maximal elution occurred with 80 to 160 mg
of antigens and was less with either smaller
or larger amounts of antigen.

A safety ratio which would permit near
maximal elution of HA was determined from
such experiments to be 1 mg of beef cell
antigen to 1:2500 HA titer per 0.25 ml
of serum. Elution of HA from sera with
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TABLE II. Stability of A Aectivity* in Various
Diluents at 4°C.

Days after incubation

Diluent 1 2 4 14
Tyrode solution 1:128 1:128 1:128 1:32
Gelatin solution 1:256 1:256 1:256 1:128
Ionagar 1:256 1:256 1:256 1:128
Suerose 1:256 1:256 1:256 1:256
Tris HCl buff, saline 1:128 1:128 1:128 1:128
Glycerin 1:256 1:256 1:256 1:256
PBS 1:128 1:128 1:128 1:64

* Original HA activity was 1:512 prior to 2-fold
dilution with diluent.

varying HA titers obtained from several pa-
tients with infectious mononucleosis was per-
formed using the following formula:
Antigen (mg) =
hemagglutination titer X vol. of sera (ml)
0.25 1
X —
2500
Elution could be repeated on the sedi-
mented antigen in the bottom layer of the
first elution procedure. In addition, further
elution of the non-adsorbed supernate anti-
body was also done. Using such methods,
the percent eluted antibody from several
patients’ sera was found to be between 4
and 10% of the original antibody.
Stability of sheep hemagglutinating activ-
ity. It was noted that the sheep hemagglu-
tinating activity of different eluates in M/15
phosphate buffer (7.0) dropped significantly
(4-16-fold) after storage at —20°C or 4°C.
Stability was determined by using an eluate
with an initial titer of 1:5120 which was
diluted ten-fold. One ml of the diluted elu-
ate was added to 1 ml of the various media
listed in Table IT and stored at 4°C for
1, 2, 4 and 14 days. At each of these time
intervals the sheep agglutinating activity was
ascertained. There was a slight but insignifi-
cant drop in sheep agglutinating activity
within the first 4 days. However, after 2
weeks the fall in titer was least marked with
glycerin and 30% sucrose. Further experi-
ments confirmed that the stability of the
antibody was greatest in glycerin or sucrose.
Immunological characteristics. It was
found that a 1:2000 sheep hemagglutination
titer had to be present in the eluate to
obtain a visible precipitin line by immuno-
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diffusion or immunoelectrophoresis when
tested with antihuman or anti IgM sera. In
eluates obtained from a few infectious mono-
nucleosis sera, a faint line was also ob-
served with anti IgG serum and 2 lines with
antihuman sera. Therefore, eluates were fur-
ther purified by sucrose density gradient
ultracentrifugation. Such purified materials
reacted only with anti IgM sera and only
a line of identity was obtained with anti-
human serum (Fig. 1). The sheep hem-
agglutinating activity of the final product
was not adsorbed by guinea pig kidney
antigen.

Discussion. Various methods of eluting
antibodies from erythrocytes have been pre-
viously described—hypertonic solutions(9),
heat(10), lowering the pH(11). When these
methods yielded poor recovery of heterophile
antibody activity from sera of patients with
infectious mononucleosis in preliminary ex-
periments, the technic described by Rubin
(12) using diethyl ether was employed for
these studies.

It was found that the amount of beef
cell antigen required for maximal elution of
heterophile activity varied with the initial
antibody titer of the patient’s serum. With
excess amounts of antigen, very small, if any,
amounts of antibody could be dissociated.
Maximal elution was obtained at particular
antigen antibody concentrations and a for-
mula was devised for this purpose. The in-

Anti-
Human

PBS Anti IgG
Anti Anti
IgM IgA

FIG. 1. Ouchterlony double diffusion test. In

center well is purified heterophile antibody. Single
lines between eluate and antihuman or anti IgM
sera are noted. Other precipitin lines in Figure are
between antisera themselves.
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ability to elute all of the antibodies from
the beef cell antigen is probably related to
a difference in the avidity of the heterophile
antibody molecules(13).

It was also observed that on occasion,
small amounts of IgG were adsorbed to the
beef cell antigen, necessitating further puri-
fication by sucrose density gradient ultracen-
trifugation. The purified material had the
immunological characteristics of heterophile
antibody reported by other workers(1-3).
However, the lability of this material has
proven to be a problem, as noted by others
for certain 19S5 immunoglobulins(14). The
stability of our preparation was found to
be greatest in 50% glycerin or 30% svcrose
at 4°C.

Summary. Specific heterophile antibody
was prepared by adsorption to beef erythro-
cytes and elution with diethyl ether. Using
a formula based on the antigen-antibody re-
lationship permitting maximum elution, up
to 10% of the antibody was recoverable.
The eluted material, further purified by su-
crose density gradient ultracentrifugation,
had the characteristics of heterophile anti-
body. The material was found to be un-
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stable at —20°C or 4°C storage, but was
relatively stable in 309 sucrose and 50%
glycerin at 4°C.
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The wide use of water-in-oil emulsions
with or without killed mycobacteria to en-
hance the immune response reflects the gen-
eral acceptance of the Freund-type prep-
arations as effective and potent immunologic
adjuvants. In general, injection of an anti-
gen in a water-in-oil emulsion (Freund’s in-
complete adjuvant) results in antibody pro-
duction greater than that obtained by in-
jection of the aqueous antigen alone and an
even greater response is obtained when vari-
ous mycobacteria are added to the emulsion
(Freund’s complete adjuvant). However, the
antibody enhancing effect of such adjuvants
may be altered by the immunization regimen.

Weigle and his associates(1) found that the
effect of the complete adjuvant on produc-
tion of precipitating antibody to a constant
amount of protein antigen in guinea pigs was
no greater than that of the incomplete when
the preparations were administered in mul-
tiple, large volume, doses. In contrast, the
complete adjuvant had an extreme en-
hancing effect when an equal amount of anti-
gen was given in a single, small volume, in-
jection. Because the mycobacteria them-
selves function as an antigenic stimulus and
sensitize the host to tuberculin, the possibil-
ity exists that prior sensitization with myco-
bacteria may also influence the antibody en-





